Up-regulation of the association between heat shock protein 90 and endothelial nitric oxide synthase prevents high glucose-induced apoptosis in human endothelial cells.
Hyperglycemia is the hallmark of diabetes mellitus. Poor glycemic control is correlated with increased cardiovascular morbidity and mortality. High glucose can trigger endothelial cell apoptosis by de-activation of endothelial nitric oxide synthase (eNOS). eNOS was recently demonstrated to be extensively regulated by Akt and heat shock protein 90 (HSP90). Yet, little is known about the molecular mechanisms that regulate eNOS activity during high glucose exposure. The present study was designed to determine the involvement of protein interactions between eNOS and HSP90 in high glucose-induced endothelial cell apoptosis. The protein interaction of eNOS/HSP90 and eNOS/Akt were studied in cultured human umbilical vein endothelial cells (HUVECs) exposed to either control-level (5.5 mM) or high-level (33 mM) glucose for different durations (2, 4, 6, and 24 h). The results showed that the protein interactions between eNOS and HSP90 and between eNOS and Akt and the phosphorylation of eNOS were up-regulated by high glucose exposure for 2-4 h. With longer exposures, these effects decreased gradually. During early hours of exposure, the protein interactions of eNOS/HSP90 and eNOS/Akt and the phosphorylation of eNOS were all inhibited by geldanamycin, an HSP90 inhibitor. High glucose-induced endothelial cell apoptosis was also enhanced by geldanamycin and was reversed by NO donors. LY294002, a phosphatidylinositol 3 (PI3) kinase inhibitor, inhibited the association of eNOS/Akt and the phosphorylation of eNOS but had no effect on the interaction between eNOS and HSP90 during early hours of exposure. From our results we propose that, in HUVECs, during early phase of high glucose exposure, apoptosis can be prevented by enhancement of eNOS activity through augmentation of the protein interaction between eNOS and HSP90 and recruitment of the activated Akt. With longer exposure, dysregulation of eNOS activity would result in apoptosis. The present study provides a molecular basis for the effects of eNOS in the prevention of endothelial cells apoptosis during early phase of high glucose exposure. These observations may contribute to the understanding of the pathogenesis of vascular complications in diabetes mellitus.